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© A method of manufacturing an organic substrate 
used for printed circuits, which includes the steps of 
forming through-holes (3) in a porous raw material 
(2) provided with free tackness films (1) and having 
compressive shrinkage, filling electro-conductive 
fNJ paste (4) into the through-holes (3), separating the 
^ free tackness films (1) from the porous raw material 
0 (2) filled with the electro-conductive paste (4) in its 
fv> through-holes (3), applying metal foils (5) onto the 
O surfaces of the porous raw material (2) from which 
qq the free tackness films (1) have been separated, and 
(D compressing the porous raw material (2) applied with 
W the metal foils (5) through heating and pressuriza- 
q tion, whereby the electro-conductive substances in 
the electro-conductive paste (4) are connected for 
Sj electrical connection between the metal foils (5). 



Fig. 2 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention generally relates to a 
printed circuit board, and more particularly, to a 
method of manufacturing a printed circuit organic 
substrate having metal foils on its opposite sur- 
faces, and the organic substrate manufactured 
thereby. 

2. Description of the Prior Art 

Recently following the tendency towards com- 
pact size and higher mounting density of electronic 
appliances, multi-layered printed circuit boards 
have been strongly demanded not only for indus- 
trial applications, but also for daily life in general. In 
the multilayer printed circuit boards as referred to 
above, a connecting method for effecting an inner- 
via-hole connection between the circuit patterns in 
a plurality of layers is required together with a 
construction at high reliability. 

Referring to Figs. 10(a) to 10(e), a manufactur- 
ing method of a conventional two-layered printed 
circuit board will be described herein be low. 

In the first place, as shown in Fig. 10(a), 
through-holes 83 (only one through-hole 83 is 
shown in each of Figs. 10(a) to 10(e)) are formed at 
predetermined places of an insulating substrate 82 
such as an glass-epoxy substrate or the like, ap- 
plied with a sheet 81 on its one surface, while, onto 
the other surface, i.e., an under surface of the 
substrate 82, a first copper foil 84 is bonded. Then, 
electro-conductive paste 85 is filled in the through- 
holes 83 as shown in Fig. 10(b) by printing the 
sheet 81 as a printing mask. Thereafter, when the 
sheet 81 is separated from the insulating substrate 
82 as shown in Fig. 10(c), the interior of the 
through-holes 83 is filled with the electro-conduc- 
tive paste 85. However, there are cases where the 
electro-conductive paste 85 depending on the 
thickness of the sheet 81 in amount remains at the 
upper portion of the through-hole 83 in a state 
swelling or rising above the surface of the insulat- 
ing substrate 82. Subsequently, as shown in Fig. 
10(d), after applying a second copper foil 86 onto 
the upper surface of the insulating substrate 82, 
said substrate 82 and the copper foil 86 are per- 
fectly bonded to each other, and simultaneously, 
the electro-conductive paste 85 is cured. Then, as 
shown in Fig. 10(e), the first copper foil 84 and the 
second copper foil 86 are selectively etched as 
required, thereby to form a first circuit pattern 87a 
and a second circuit pattern 87b as illustrated. 

In the manner as described above, the first and 
second circuit patterns 87a and 87b are subjected 
to the inner-via-hole connection by the electro- 



conductive paste 85 filled in the through-holes 83, 
and thus, the two-layer printed circuit board 88 is 
obtained. 

Subsequently, a manufacturing method of a 
5 conventional multi-layered printed circuit board will 
be explained with respect to a four-layer printed 
circuit board as one example by referring to Figs. 
1 1 (a) to 1 1 (d). 

In the first place, as shown in Fig. 11(a), an 
70 insulating substrate 92 provided with a sheet 91 on 
its one surface and formed with through-holes 93 at 
predetermined places thereof is stuck onto the first 
two-layered printed circuit board 88 prepared 
through the steps of Figs. 10(a) to 10(e). Then, as 
75 illustrated in Fig. 11(b), electro-conductive paste 94 
is filled in the through-holes 93 by printing a sheet 
91 as a mask. Thereafter, when the sheet 91 is 
separated from the insulating substrate 92, the 
electro-conductive paste 94 is filled only in the 
20 through-holes 93 as shown in Fig. 11(c). Subse- 
quently, as shown in Fig. 11(d), by applying and 
bonding the second two-layered circuit board 95 
prepared by the steps similar to those in Figs. 10- 
(a) to 10(e) and formed with circuit patterns 96a 
25 and 96b, onto the insulating substrate 92, the four- 
layered printed circuit board is obtained. 

However, in the conventional arrangements as 
described so far, there have been problems as 
follows. 

30 Firstly, in the above known construction, there 

is a limitation in the content of the electro-conduc- 
tive substances for the electro-conductive paste 
which may be used in the printing process for 
filling said paste into the through-holes, and this 

35 fact was unsuitable for reducing the resistance val- 
ue of the electro-conductive paste, and that be- 
tween the elecro-conductive paste and the metal 
foils. More specifically, when the content of the 
electro-conductive substances in the electro-con- 

40 ductive paste is increased for reducing the resis- 
tance value of the electro-conductive paste filled in 
the through-holes, fluidity of the paste is adversely 
affected, with consequent lowering of an aptitude 
for printing, thus tending to give rise to defects 

45 such as faulty filling and the like. 

Therefore, in order to fill the electro-conductive 
paste into the through-hole of a small diameter, it is 
necessary to raise the fluidity of the electro-con- 
ductive paste to a certain extent. For the above 

so purpose, the fluidity of the paste may be increased, 
with an improvement of the aptitude for printing if 
the content of the electro-conductive substances in 
the electro-conductive paste is decreased, but in 
that case, there is such a drawback that the resis- 

55 tance of the electro-conductive paste after curing is 
increased by an extent in which the content of the 
electro-conductive substances is reduced. 
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Secondly, in the conventional arrangements, 
there are cases where the electro-conductive paste 

85 in the amount depending on the thickness of the 
sheet 81 remains in the state swelling or rising 
higher than the surface of the insulative substrate s 
82 as shown in Fig. 10(c). If the second copper foil 

86 is applied onto the insulating substrate 82 in the 
above state, there is no place for the swollen 
electro-conductive paste 85 to escape, and in 
some cases, said paste penetrates into a gap be- io 
tween the second copper foil 86 aid the insulating 
substrate 82 as shown in Fig. 12(a). If the second 
copper foil 86 for such insulating substrate 82 as 
referred to above is etched to form the second 
circuit pattern 87b, a short-circuiting path 85a is 15 
formed by the electro-conductive paste 85 which 
has penetrated into between the second copper foil 
86 and the insulating substrate 82 as shown in Fig. 
12(b), thus resulting in a short-circuiting fault with 
respect to near-by circuit patterns. 20 

Due to the problems as described so far, the 
number of the inner-via-hole connections and cir- 
cuit pattern density which can be formed per unit 
area are limited in the conventional organic sub- 
strates used for the printed circuits, and therefore, 25 
it is difficult to realize a multi-layered circuit board 
for high density mounting which will be expanded 
in demand still more henceforth. 

SUMMARY OF THE INVENTION 30 

Accordingly, an essential object of the present 
invention is to provide a method of manufacturing 
an organic substrate used for printed circuits, 
which realizes a high performance printed circuit 35 
board at a high quality, wherein connecting resis- 
tance of electro-conductive paste and that between 
the electro-conductive paste and metal foils are 
reduced in the inner-via-hole connection, while 
maintaining a proper printing aptitude of the 40 
electro-conductive paste, with short-circuiting faults 
between the nearby inner-via-holes being elimi- 
nated, and to provide a printed circuit organic sub- 
strate produced by said manufacturing method, 
and also, a multi-layered printed circuit board con- 45 
stituted by said organic substrates. 

Another object of the present invention is to 
provide a manufacturing method of the printed cir- 
cuit organic substrate, and the organic substrate 
produced thereby of the above described type so 



which is simple in construction and stable in func- 
tioning at high reliability, and can be readily manu- 
factured at low cost. 

In accomplishing these and other objects, ac- 
cording to one preferred embodiment of the 
present invention, there is provided a method of 
manufacturing an organic substrate used for print- 
ed circuits, which includes the steps of forming 



through-holes in a porous raw material provided 
with cover films and having compressive shrinkage 
and composed of a composite material of a non- 
woven fabric and a thermosetting resin, filling 
electro-conductive paste into said through-holes, 
separating the free tackness films from said porous 
raw material filled with the electro-conductive paste 
in the through-holes thereof, applying metal foils 
onto the surface of said porous raw material from 
which said free tackness films have been sepa- 
rated, and compressing said porous raw material 
applied with said metal foils through heating and 
pressurization. 

As described above, according to the present 
invention, by using the porous raw material made 
of the composite material of the non-woven fabric 
and therm o-setting resin, the through-holes may be 
readily filled with the electro-conductive paste com- 
paratively small in the content of the electro-con- 
ductive substances, and superior in the aptitude for 
printing, while, owing to penetration of part of a 
binder component in the electro-conductive paste 
into porous portion of the non-woven fabric during 
the manufacturing process, composition ratio of the 
electro-conductive substance within the electro- 
conductive paste is increased. 

Moreover, by the employment of the porous 
raw material having compressive shrinkage and 
composed of the non-woven fabric and thermo- 
setting resin, the electro-conductive paste is also 
compressed in the step in which the porous raw 
material is compressed through heating and pres- 
surization, and in this case, the binder component 
is pressed out from between the electro-conductive 
substances, thereby strengthening binding between 
the electro-conductive substances, and that be- 
tween the electro-conductive substances and metal 
foils for compacting the electro-conductive sub- 
stances in the electro-conductive paste. 

Furthermore, since the binder component of 
the electro-conductive paste filled in the through- 
holes is penetrated into the porous raw material 
side owing to the adoption of said porous raw 
material having the compressive shrinkage, the 
amount to be filled may be reduced, and thus the 
disadvantage that the electro-conductive paste en- 
ters between the porous raw material and the metal 
foils stuck onto the opposite surfaces of said po- 
rous raw material, can be eliminated, thereby pre- 
venting occurrence of short-circuiting faults be- 
tween nearby circuit patterns. 

BRIEF DESCRIPTION OF THE DRAWINGS 

55 These and other objects and features of the 

present invention will become apparent from the 
following description taken in conjunction with the 
preferred embodiment thereof with reference to the 
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accompanying drawing, in which; 

Figs. 1(a) to 1(e) are cross sectional diagrams 
for explaining a method of manufacturing an 
organic substrate used for printed circuits ac- 
cording to one preferred embodiment of the 
present invention, 

Fig. 2 is a perspective view, partly broken away, 
of an organic substrate used for printed circuits 
prepared by the method of Figs. 1 (a) to 1 (e), 
Figs. 3(a) to 3(f) are cross sectional diagrams for 
explaining a method of manufacturing an or- 
ganic substrate used for printed circuits accord- 
ing to a second embodiment of the present 
invention, 

Figs. 4(a) to 4(f) are cross sectional diagrams for 
explaining a method of manufacturing an or- 
ganic substrate used for printed circuits accord- 
ing to a third embodiment of the present inven- 
tion, 

Fig. 5 is a graphical diagram showing relation 
among pressing pressure for compressing a po- 
rous raw material, compressibility and thickness, 
Fig. 6 is also a graphical diagram showing rela- 
tion between compressibility and resistance val- 
ue of electro-conductive paste filled in the 
through-holes, 

Fig. 7 is a fragmentary cross sectional view of 
the printed circuit organic substrate according to 
the present invention, 

Figs. 8(a) to 8(i) are fragmentary cross sectional 
diagrams for explaining a method of manufactur- 
ing a multi-layered printed circuit board accord- 
ing to one embodiment of the present invention. 
Fig. 9 is an exploded perspective view of the 
multi-layered printed circuit board produced by 
the method of Figs. 8(a) to 8(i), 
Figs. 10(a) to 10(e) are fragmentary cross sec- 
tional diagrams for explaining a manufacturing 
method of a conventional two-layered printed 
circuit board (already referred to). 
Figs. 11(a) to 11(d) are fragmentary cross sec- 
tional diagrams for explaining a manufacturing 
method of a conventional multi-layered printed 
circuit board, and 

Figs. 12(a) to 12(b) are also fragmentary cross 
sectional diagrams for explaining problems re- 
lated to the manufacturing method of the con- 
ventional two-layered printed circuit board. 

DETAILED DESCRIPTION OF THE INVENTION 

Before the description of the present invention 
proceeds, it is to be noted that like parts are 
designated by like reference numerals throughout 
the accompanying drawings. 



(Embodiment 1) 

Referring now to the drawings, there is shown 
in Figs. 1(a) to 1(e), a manufacturing method of an 

5 organic substrate for printed circuits according to 
one preferred embodiment of the present invention, 
with the construction of the organic substrate pre- 
pared by said method being illustrated in a per- 
spective view of Fig. 2. 

w In the first place, as shown in Fig. 1(a), a 

porous base member or raw material 2 of t1 in 
thickness and provided with free tackness films 1 
of polyester or the like on its opposite surfaces is 
prepared. For this porous raw material 2, a base 

75 member of a composite material prepared for ex- 
ample, by impregnating a thermo-setting epoxy 
resin into aromatic polyamide fibers and having 
small holes or voids 2a therein (referred to as 
aramid-epoxy sheet hereinafter) is employed. Here, 

20 a ratio in volume of the voids 2a to the aramid- 
epoxy sheet 2 is in the range of 10 to 60%. Then, 
as shown in Fig. 1(b), through-holes 3 are formed 
at predetermined places of the aramid-epoxy sheet 
2 by utilizing laser processing, etc. Thereafter, as 

25 illustrated in Fig. 1(c), electro-conductive paste 4 is 
filled in the through-holes 3. It is to be noted here 
that the electro-conductive paste 4 is composed of 
silver powder as the electro-conductive substance, 
and epoxy resin of non-solvent type for the binder, 

30 and prepared by mixing and kneading the silver 
powder and the binder, with the content of the 
silver powder set at 85 wt%. For filling the electro- 
conductive paste 4, the aramid-epoxy sheet 2 hav- 
ing the through-holes 3 is placed on a table of a 

35 printing machine (not shown), and the electro-con- 
ductive paste 4 is directly printed from above the 
free tackness film 1 . In this case, the free tackness 
film 1 on the upper surface plays the parts for a 
printing mask, and for prevention of soiling on the 

40 surface of the aramid-epoxy sheet 2. At this stage, 
part of the binder in the electro-conductive paste 4 
has already been penetrated into said aramid-ep- 
oxy sheet 2, and inside the electro-conductive 
paste 4, composition ratio of the electro-conductive 

45 substances with respect to the binder is gradually 
increasing. Subsequently, the free tackness films 1 
are separated from the opposite surfaces of the 
aramid-epoxy sheet 2. Next, as shown in Fig. 1(d), 
metal foils 5 such as copper foils, etc. are stuck 

50 onto the opposite surfaces of the aramid-epoxy 
sheet 2. In this state, by heating and pressurization, 
the aramid-epoxy sheet 2 is compressed, while the 
aramid-epoxy sheet 2 and the metal foils 5 are 
bonded to each other as shown in Fig. 1(e). In the 

55 above case, conditions for the heating and pres- 
surization are such that temperature is raised from 
a room temperature up to 200 *C in 30 minutes, 
while applying pressure of 60 kgf/cm 2 in vacuum, 
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and then, held at 200° C for 60 minutes for subse- 
quent lowering down to the room temperature in 30 
minutes. By the above step, the electro-conductive 
paste is also compressed, during which case, the 
binder component is pressed out from between the 
electro-conductive substances, and thus, binding 
between the electro-conductive substances, and 
between the electro-conductive substances and the 
metal foils are strengthened for compacting the 
electro-conductive substances in the electro-con- 
ductive paste, while the thickness of the aramid- 
epoxy sheet 2 is compressed to t2, and the epoxy 
resin which is one composition of the aramid-epoxy 
sheet 2, and the electro-conductive paste 4 are 
cured or hardened. In the above case, the content 
of the electro-conductive substances in the electro- 
conductive paste has been raised up to 92.5 wt%. 

More specifically, in the present embodiment, 
when an aramid-epoxy sheet having the thickness 
t1 in the range of 150 to 220um, and porosity at 10 
to 60% is employed for the aramid-epoxy sheet 2, 
the thickness t2 thereof after the compressing step 
by the heating and pressurization as shown in Fig. 
1(e) becomes 60 to 200um, and the porosity is 
reduced to 0 to 5%, with the size of the void 2a 
also becoming smaller. When the porosity of the 
aramid-epoxy sheet 2 is below 10%, the effect in 
which part of the binder of the electro-conductive 
paste 4 penetrates into the side of the aramid- 
epoxy sheet 2 is small, and if it is above 60%, 
voids remain in the organic substrate. 

(Embodiment 2) 

Subsequently, referring to Figs. 3(a) to 3(f), a 
method of manufacturing a printed circuit organic 
substrate according to a second embodiment of the 
present invention will be described. 

Firstly, an aramid-epoxy sheet 2 similar to that 
in the first embodiment is prepared as shown in 
Fig. 3(a), with the thickness of the sheet 2 set to be 
t3. Then, as shown in Fig. 3(b), the aramid-epoxy 
sheet 2 is preliminarily compressed through heat- 
ing and pressurization for 3 minutes at 100°C and 
25kgf/cm 2 . In this case, the aramid-epoxy sheet 2 
is compressed to a thickness of t4, with reduction 
of the porosity and the size of the void 2a. The 
purpose of such preliminary compression is to pre- 
vent the electro-conductive paste 4 from entering a 
boundary face between the aramid-epoxy sheet 2 
and the metal foils 5 in the subsequent steps by 
improving adhesion between the free tackness 
films 1 and the aramid-epoxy sheet 2, and also, to 
control the amount of the binder in the electro- 
conductive paste 4 to be penetrated into the side 
of the aramid-epoxy sheet 2. Then, as shown in 
Fig. 3(c), through-holes 3 are formed at the pre- 
determined positions in the aramid-epoxy sheet 2 



through use of the laser processing, etc. There- 
after, as illustrated in Fig. 3(d), the electro-conduc- 
tive paste 4 is filled into the through-holes 3. For 
filling the electro-conductive paste 4, the aramid- 
s epoxy sheet 2 having the through-holes 3 is placed 
on a table of a printing machine (not shown), and 
the electro-conductive paste 4 is directly printed 
from above the free tackness film 1. In this case, 
the free tackness film 1 on the upper surface plays 
io the parts for a printing mask, and for prevention of 
soiling on the surface of the aramid-epoxy sheet 2. 
At this stage, part of the binder in the electro- 
conductive paste 4 has already been penetrated 
into the side of said aramid-epoxy sheet 2, and 
75 inside the electro-conductive paste 4, composition 
ratio of the electro-conductive substances with re- 
spect to the binder is gradually increasing. Subse- 
quently, the free tackness films 1 are separated 
from the opposite surfaces of the aramid-epoxy 
20 sheet 2. Next, as shown in Fig. 3(e), metal foils 5 
such as copper foils, etc. are stuck onto the op- 
posite surfaces of the aramid-epoxy sheet 2. In this 
state, by heating and pressurization, the aramid- 
epoxy sheet 2 is compressed, while the aramid- 
25 epoxy sheet 2 and the metal foils 5 are bonded to 
each other as shown in Fig. 3(f). In the above case, 
conditions for the heating and pressurization are 
such that temperature is raised from a room tem- 
perature up to 200 * C in 30 minutes, while applying 
30 pressure of 60kgf/cm 2 in vacuum, and then, held at 
200 *C for 60 minutes for subsequent lowering 
down to the room temperature in 30 minutes. By 
the above step, the electro-conductive paste is also 
compressed, during which case, the binder compo- 
35 nent is pressed out from between the electro- 
conductive substances, and thus, binding between 
the electro-conductive substances, and between 
the electro-conductive substances and the metal 
foils is strengthened for compacting the electro- 
40 conductive substances in the electro-conductive 
paste, while the thickness of the aramid-epoxy 
sheet 2 is compressed to t5, and the epoxy resin 
which is one composition of the aramid-epoxy 
sheet 2, and the electro-conductive paste 4 are 
45 cured or hardened. 

More specifically, in the above embodiment, 
when an aramid-epoxy sheet having the thickness 
t3 in the range of 150 to 200um, and porosity at 40 
to 60% is employed for the aramid-epoxy sheet 2, 
so firstly, the thickness t4 thereof after the preliminary 
compressing step by the heating and pressuriza- 
tion as shown in Fig. 3(b) becomes 100 to 150um, 
and the porosity is reduced to 10 to 30%, with the 
size of the void 2a also becoming smaller. Further- 
55 more, the thickness t5 thereof after the compress- 
ing step as shown in Fig. 3(f) becomes 90 to 
100um, and the porosity is reduced to 0 to 5%. 
with the size of the void 2a also becoming smaller. 
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(Embodiment 3) 

Referring further to Figs. 4(a) to 4(f), a method 
of manufacturing a printed circuit organic substrate 
according to a third embodiment of the present 
invention will be described hereinafter. 

In the first place, as shown in Fig. 4(a), an 
aramid-epoxy sheet 2 of t6 in thickness and pro- 
vided with a free tackness film 1 of polyester or the 
like at least on its one surface is prepared. For this 
aramid-epoxy sheet 2, an aramid-epoxy sheet hav- 
ing the voids or holes 2a therein in the similar 
manner as in the first embodiment is employed. 
Then, as shown in Fig. 4(b), through-holes 3 are 
formed at predetermined places of the aramid- 
epoxy sheet 2 by utilizing laser processing, etc. 
Thereafter, as shown in Fig. 4(c), a first metal foil 
5a of a copper foil or the like is applied onto the 
under surface of the aramid-epoxy sheet 2. It is to 
be noted that in the case where the porous raw 
material provided with the free tackness films 1 on 
its opposite surfaces is employed, the first metal 
foil 5a is stuck after separating the free tackness 
film at the under surface. Then, as shown in Fig. 4- 
(d), the electro-conductive paste 4 is filled in the 
through-holes 3. For filling the electro-conductive 
paste 4, the aramid-epoxy sheet 2 having the 
through-holes 3 is placed on a table of a printing 
machine (not shown), and the electro-conductive 
paste 4 is directly printed from above the free 
tackness film 1. In this case, the free tackness film 
1 on the upper surface plays the parts for a print- 
ing mask, and for prevention of soiling on the 
surface of the aramid-epoxy sheet 2. At this stage, 
part of the binder in the electro-conductive paste 4 
has already been penetrated into the side of said 
aramid-epoxy sheet 2, and inside the electro-con- 
ductive paste 4, composition ratio of the electro- 
conductive substance with respect to the binder is 
gradually increasing. Subsequently, the free tac- 
kness film 1 is separated from the upper surface of 
the aramid-epoxy sheet 2. Next, as shown in Fig. 
4(e), a second metal foil 5b such as a copper foil, 
etc. is stuck onto the upper surface of the aramid- 
epoxy sheet 2. In this state, by heating and pres- 
surization, the aramid-epoxy sheet 2 is com- 
pressed, while onto the undersurface of the aramid- 
epoxy sheet 2, the first metal foil 5a is bonded, 
with the second metal foil 5b being bonded to the 
upper surface of said sheet 2. In the above case, 
conditions for the heating and pressurization are 
such that temperature is raised from a room tem- 
perature up to 200 *C in 30 minutes, while applying 
pressure of 60kgf/cm 2 in vacuum, and then, held at 
200 *C for 60 minutes for subsequent lowering 
down to the room temperature in 30 minutes. 

By the above step, the electro-conductive 
paste is also compressed, during which case, the 



binder component is pressed out from between the 
electro-conductive substances, and thus, binding 
between the electro-conductive substances, and 
between the electro-conductive substances and the 

5 metal foils is strengthened for compacting the 
electro-conductive substances in the electro-con- 
ductive paste, while the thickness of the aramid- 
epoxy sheet 2 is compressed to t7, and the epoxy 
resin which is one composition of the aramid-epoxy 

70 sheet 2, and the electro-conductive paste 4 are 
cured. 

More specifically, in the above embodiment, 
when an aramid-epoxy sheet having the thickness 
in the range of 150 to 220M-m, and porosity at 10 
75 to 60% is employed for the aramid-epoxy sheet 2, 
the thickness t 7 thereof after the compressing step 
by the heating and pressurization as shown in Fig. 
4(f) becomes 60 to 200um, and the porosity is 
reduced to 0 to 5%, with the size of the void 2a 
20 also becoming small. 

It is to be noted here that as the aramid-epoxy 
sheet 2 shown in Fig. 4(a), the sheet reduced in its 
thickness and porosity by the preliminary compres- 
sion described earlier as used in the second em- 
25 bodiment may be employed. 

For the electro-conductive substances contain- 
ed in the electro-conductive paste 4 used in the 
first, second and third embodiments as described 
so far, silver, gold, silver palladium, copper, and 
30 more than one kind of alloys thereof may be em- 
ployed. Additionally, the configuration of the 
electro-conductive substance particles should pref- 
erably be of a spherical shape. More specifically, 
by using spherical metal particles for the electro- 
ns conductive substances, the binder may be readily 
pressed out from the contact portions among the 
metal particles when pressure is applied to the 
electro-conductive paste 4, and also, since the con- 
tact portions of the metal particles to each other 
40 are easily subjected to plastic deformation, the 
metal particles, and the metal particles and the 
metal foils are strongly bound to each other, and 
thus, resistance during the inner-via-hole connec- 
tion can be reduced to a large extent. 
45 Similarly, in the first, second or third embodi- 

ment, the step for compressing the aramid-epoxy 
sheet 2 held between the metal foils 5 through 
heating and pressurization may be so modified, for 
example, as to be constituted by a first step for 
so rasing viscosity of the electro-conductive paste 4 
and a second step for bonding the metal foils 5 
and the aramid-epoxy sheet 2. In this case, since 
the viscosity of the electro-conductive paste 4 is 
first raised in the first step, entry of the electro- 
55 conductive paste 4 into the boundary face between 
the aramid-epoxy sheet 2 and the metal foils 5 can 
be advantageously prevented. This fact displays its 
intend effect particularly when the interval between 
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the through-holes 3 becomes small in the printed 
circuit boards for a high density mounting. 

Meanwhile, in the first, second or third embodi- 
ment, by setting the gel point of the electro-con- 
ductive paste 4 to be lower than the softening 
temperature of the epoxy resin which is one of the 
compositions of the aramid-epoxy sheet 2, since 
gelation of the electro-conductive paste is first 
started in the step for compressing the aramid- 
epoxy sheet 2 held between the metal foils 5 
through heating and pressurization, and after rising 
of the viscosity thereof to a certain extent, the 
softening of the epoxy resin as one of the composi- 
tions of the sheet 2 is started, the undesirable entry 
of the electro-conductive paste 4 into the boundary 
face between the sheet 2 and the metal foils 5 can 
be prevented. This fact also displays its effect 
especially when the interval between the through- 
holes 3 is reduced in the printed circuit board for a 
high density mounting. 

Subsequently, the compression of the porous 
raw material through heating and pressurization, 
which plays a particularly important role in the first, 
second or third embodiment will be explained 
hereinbelow. The compressibility is represented by 
a following equation (1), 

Compressibility = (T-t)/T (1) 

wherein T is the thickness of the porous raw ma- 
terial before heating and pressurization, and t is the 
thickness of the aramid-epoxy sheet 2 after the 
heating and pressurization. 

In Fig. 5, there is shown a graphical diagram 
showing relation among pressing pressure for com- 
pressing the porous raw material, the compres- 
sibility, and the thickness, when the aramid-epoxy 
sheet of 200um in thickness, with the porosity of 
40% is used for the porous raw material, and the 
pressurization is effected for 3 minutes at 100*C. 

As shown in Fig. 5, although the thickness of 
the porous raw material is reduced as the pressing 
pressure increases, the variation of the thickness is 
reduced when the pressing pressure exceeds a 
transition point P of the compressibility. The com- 
pressibility is obtained by substituting the variation 
of the thickness for the equation (1). 

Accordingly, it is preferable that the preliminary 
compression to be carried out in the step of Fig. 3- 
(b) of the second embodiment is effected in a 
region before reaching the transition point P of the 
compressibility as shown in Fig. 5, and that the 
compressions to be conducted in the steps of Fig. 
3(f), Fig. 1(e), and Fig. 4(f) are effected in a region 
after the transition point P of the compressibility. 

A graphical diagram of Fig. 6 shows the rela- 
tion between the compressibility and resistance of 
the electro-conductive paste filled in the through- 



holes, with the ordinate representing the resistance 
value per one through-hole. 

The samples used for the measurements in 
Fig. 6 were prepared in the manner as follows. 

5 In the first place, an aramid-epoxy sheet of 

200um in thickness was used as the porous raw 
material, and after preliminary compression for 3 
minutes at 100*C and 25 kgf/cm 2 , the sheet was 
formed with through-holes each having a diameter 

70 of 0.2mm by the use of a laser processing. Then, 
after electro-conductive paste prepared by dispers- 
ing silver powder as the metal particles into a non- 
solvent type epoxy resin as a binder, was filled in 
each through-hole, copper foils were stuck onto the 

75 opposite surfaces of the aramid-epoxy sheet, which 
was then processed in such conditions that tem- 
perature was raised from a room temperature up to 
200 °C in 30 minutes, while applying pressure of 
60kgf/cm 2 in vacuum, and then, held at 200 # C for 

20 60 minutes for subsequent lowering down to the 
room temperature in 30 minutes. Thereafter, the 
copper foils at the opposite surfaces of the sheet 
were etched, and circuit patterns having 500 
through-holes connected in series were formed, 

25 and by measuring the total resistance of the circuit 
patterns, the resistance value per one through-hole 
was calculated. 

As shown in Fig. 6, the resistance value was 
rapidly reduced as the compressibility increases, 

30 and when the compressibility exceeded a transition 
point R of the resistance value, variation of the 
resistance value was reduced and a stable elec- 
trical connection was obtained. 

35 (Embodiment 4) 

Referring further to Fig. 7, an organic substrate 
for the printed circuits according to one embodi- 
ment of the present invention will be described 

40 hereinbelow. 

As shown in Fig. 7, in the printed circuit or- 
ganic substrate of the present embodiment, the 
metal foils 5 stuck to the opposite surfaces of the 
aramid-epoxy sheet 2 are electrically connected by 

45 the electro-conductive paste 4 filled in the through- 
holes 3 provided in said sheet 2. The electro- 
conductive paste 4 filled in the through-holes 3 is 
gradually increased in its composition ratio of the 
electro-conductive substances after the step for 

so filling said paste 4, and in the compression step 
after bonding of the metal foils 5, the binder com- 
ponent is pressed out from between the electro- 
conductive substances, thus, the binding between 
the electro-conductive substances, and also, be- 

55 tween the electro-conductive substances and metal 
foils being strengthened. Consequently, in the 
electro-conductive paste 4 according to the present 
embodiment, the electro-conductive substances are 
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more compacted than those in the electro-conduc- 
tive paste employed in the conventional inner-via- 
hole-connections. 

(Embodiment 5) 

Referring to Figs. 8(a) to 8(i), a method of 
manufacturing a multi-layered printed circuit board 
according to a further embodiment of the present 
invention will be described hereinafter. 

It is to be noted here that Figs. 8(a) and 8(b) 
show steps for forming a first circuit board, Figs. 8- 
(c) and 8(d) denote steps for forming a second 
circuit board, Figs. 8(e) to 8(g) relate to steps for 
forming an intermediate connecting member to be 
used for lamination of the first and seconds circuit 
boards for connection to each other, and Figs. 8(h) 
and 8(i) show steps for forming the intended multi- 
layered circuit boards by laminating the first and 
second circuit boards, with the intermediate con- 
necting member disposed therebetween, respec- 
tively. Fig. 9 shows an exploded perspective view 
of the multi-layer printed circuit board produced by 
the above steps. 

In the first place, as shown in Fig. 8(a), a first 
printed circuit organic substrate 21 formed by the 
method as described earlier with reference to Figs. 
1(a) to 1(e), Figs. 3(a) to 3(f) or Figs. 4(a) to 4(f) is 
prepared. Then, as shown in Fig. 8(b), the metal 
foils 5 such as copper foils or the like applied onto 
the opposite surfaces of the substrate 21 are 
etched by the ordinary pattern forming method, 
thereby to produce a first circuit board 23 provided 
with circuit patterns 22. Similarly, by processing 
the second printed circuit organic substrate 24 as 
shown in Figs. 8(c) and 8(d), a second circuit board 
26 provided with circuit patterns 25 is prepared. It 
is to be noted here that each of these circuit 
boards 23 and 26 may be used as a two-layered 
circuit board in this state. 

Apart from the manufacturing steps of the first 
circuit board 23 and the second circuit board 26, 
the intermediate connecting member 31 is manu- 
factured based on the steps of Figs. 8(e) to 8(g). 

Firstly, as shown in Fig. 8(e), an aramid-epoxy 
sheet 28 of ts in thickness provided with free 
tackness films 27 is prepared. Then, as shown in 
Fig. 8(f), through-holes 29 are formed at the pre- 
determined positions in the aramid-epoxy sheet 28 
through use of the laser processing, etc. There- 
after, as illustrated in Fig. 8(g), the electro-conduc- 
tive paste 30 is filled into the through-holes 29. For 
filling the electro-conductive paste 30, the aramid- 
epoxy sheet 28 having the through-holes 29 is 
placed on a table of a printing machine (not 
shown), and the electro-conductive paste 30 is 
directly printed from above the free tackness film 
27. In this case, the free tackness film 1 on the 



upper surface plays the parts for a printing mask, 
and for prevention of soiling on the surface of the 
aramid-epoxy sheet 28. After printing the electro- 
conductive paste 30, the free tackness films 27 are 

5 removed to produce the intermediate connecting 
member 31. It is to be note here that in the steps 
of Figs. 8(h) and 8(i), the through-holes 29 are 
formed by the required number so as to cor- 
respond to the circuit patterns to be connected to 

w each other. 

Subsequently, the steps for laminating the first 
circuit board 23 and the second circuit board 26 by 
using the intermediate connecting member 31 will 
be explained hereinbelow. 

75 In the first place, as shown in Figs. 8(h), the 

intermediate connecting member 31 is placed on 
the first circuit board 23, with the second circuit 
substrate 26 is further piled thereon. Then, as 
shown in Fig. 8(i), the first circuit board 23 and the 

20 second circuit board 26 are bonded to each other 
by heating and pressurization, while the circuit pat- 
terns 22 and 25 are subjected to the inner-via-hole- 
connection by the electro-conductive paste 4 and 
30. In this process, the intermediate connecting 

25 member 31 is compressed to a thickness tg and 
cured, with the electro-conductive paste being also 
cured. 

More specifically, in the manufacturing steps of 
the intermediate connecting member according to 

30 the present embodiment, when an aramid-epoxy 
sheet having the thickness ts in the range of 150 to 
220um, and porosity at 10 to 60% is employed for 
the aramid-epoxy sheet 28, the thickness ta thereof 
after the compressing step by the heating and 

35 pressurization as shown in Fig. 8(h) becomes 60 to 
200um, and the porosity is reduced down to 0 to 
5%. 

Meanwhile, in order to produce a multi-layered 
circuit board having a still more number of lamina- 

40 tion, it may be so arranged to prepare the required 
number of circuit boards and intermediate connect- 
ing members for inter-connection therebetween, 
thereby to laminate at one time through heating 
and pressurization after inserting the intermediate 

45 connecting members between the respective circuit 
boards, or to pile up the intermediate connecting 
members and circuit boards one set by one set by 
repeating the step of Fig. 8(h) for lamination 
through heating and pressurization. 

so It is to be noted here that a multi-layered 

circuit board may also be manufactured in such a 
practice that, by laminating the intermediate con- 
necting member on the circuit board, the other 
metal foil is further laminated thereon, and after 

55 bonding the circuit board, the intermediate con- 
necting member and the other metal foil through 
heating and pressurization, said the other metal foil 
is etched to form the circuit pattern, or by repeat- 
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ing the above practice. 

In the manufacturing method of the multi-lay- 
ered circuit boards as described so far, since the 
electro-conductive paste 30 is sufficiently filled in 
the state where the under face of each through- 
hole 29 of the intermediate connecting member 31 
is opened, it is possible to inspect the intermediate 
connecting member 31 as a single member after 
the step of Fig. 8(g), by using an optical means, 
etc. Accordingly, in the step of Fig. 8(h), the first 
circuit board 23, the second circuit board 26 and 
the intermediate connecting member 31 are to be 
an laminated in the state where they have been 
examined, a high manufacturing yield can be main- 
tained to suppress cost increase. On the other 
hand, in the conventional manufacturing process of 
the multi-layered circuit board, since the member 
equivalent to the intermediate connecting member 
31 of the present embodiment is formed in the 
manner as directly laminated on the circuit-board 
88 as shown in Figs. 11(a) to 11(d), if any fault 
occurs at the respective steps, the circuit board 88 
which is a good product must be discarded si- 
multaneously, thus resulting in a cost increase. 

Furthermore, in the multi-layered circuit board 
produced by the manufacturing method of the 
present invention as described so far, since the 
first and second circuit boards 23 and 26 are 
connected to each other by the use of the inter- 
mediate connecting member 31 to be compressed 
by the heating and pressurization and the electro- 
conductive substances in the electro-conductive 
paste 30 is compacted, while the contact between 
the electro-conductive substances and the circuit 
patterns 22 and 25 is improved, the resistance 
during the inner-via-hole connection is remarkably 
reduced, and therefore, upon application thereof to 
the circuit board at high density or multi-layered in 
which the number of the inner-via-hole connections 
is increased, the effect as described above be- 
comes still more conspicuous. 

As is clear from the foregoing description, ac- 
cording to the present invention, the method of 
manufacturing the organic substrate used for print- 
ed circuit includes the steps of forming through- 
holes in the porous raw material provided with the 
free tackness films and having compressive shrink- 
age, filling the electro-conductive paste into said 
through-holes, applying the metal foils onto the 
surface of said porous raw material from which said 
free tackness films have been separated, and com- 
pressing said porous raw material applied with said 
metal foils by heating and pressurization, and 
therefore, the method of manufacturing the organic 
substrate used for printed circuits having a reliable 
inner-via-hole connection at a low resistance, and 
the organic substrate manufactured thereby can be 
realized. 



More specifically, according to the present in- 
vention, since the electro-conductive paste can be 
readily filled into the through-holes by using the 
paste comparatively small in the content of electro- 

5 conductive material and superior in the aptitude for 
printing, and moreover, part to the binder compo- 
nent in the electro-conductive paste is penetrated 
into the voids of the porous raw material in the 
manufacturing process, with the composition ratio 

70 of the electro-conductive substances int eh electro- 
conductive paste being increased, the inner-via- 
hole-connection at low resistance can be realized. 

Moreover, in the step of heating and pressuriz- 
ing the porous raw material after application of the 

75 metal foils, the electro-conductive paste is also 
meta! foils, the electro-conductive paste is also 
compressed, and in this case, the binder compo- 
nent is pressed out from between the electro- 
conductive substances, and the binding between 

20 the electro-conductive substances, and between 
the electro-conductive substances and the metal 
foils is strengthened, thereby compacting the 
electro-conductive substances in the electro-con- 
ductive paste. 

25 Therefore, according to the present invention, 

the high density circuit board requiring the inner- 
via-hole connection with through-holes of a very 
small diameter, the high multi-layered circuit board 
necessitating a large number of inner-via-hole con- 

30 nections, the circuit board for low noise or for high 
frequency in which low circuit impedance is re- 
quired, etc. can be readily realized. 

Although the present invention has been fully 
described by way of example with reference to the 

35 accompanying drawings, it is to be noted here that 
various changes and modifications will be apparent 
to those skilled in the art. Therefore, unless other- 
wise such changes and modifications depart from 
the scope of the present invention, they should be 

40 construed as included therein. 

Claims 

1. A method of manufacturing an organic sub- 
45 strate used for printed circuits, which com- 

prises the steps of forming through-holes (3) in 
a porous raw material (2) provided with free 
tackness films (1) and having compressive 
shrinkage, filling electro-conductive paste (4) 
so into said through-holes (3), separating the free 

tackness films (1) from said porous raw ma- 
terial (2) filled with the electro-conductive paste 
(4) in the through-holes (3) thereof, applying 
metal foils (5) onto the surfaces of said porous 
55 raw material (2) from which said free tackness 

films (1) have been separated, and compress- 
ing said porous raw material (2) applied with 
said metal foils (5) through heating and pres- 
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surization. 

2. A method of manufacturing an organic sub- 
strate used for printed circuits, which com- 
prises the steps of forming through-holes (3) in 5 
a porous raw material (2) provided with free 
tackness films (1) and having compressive 
shrinkage, filling electro-conductive paste (4) 

into said through-holes (3), and also increasing 
composition ratio of the electro-conductive ma- 10 
terial with respect to a binder in the electro- 
conductive paste (4), separating the free tac- 
kness films (1) from said porous raw material 
(2) filled with the electro-conductive paste (4) 
in the through-holes (3) thereof, applying metal 75 
foils (5) onto the surface of said porous raw 
material (2) from which said free tackness films 
(1) have been separated, and compressing 
said porous raw material (2) applied with said 
metal foils (5) through heating and pressuriza- 20 
tion so as to make more compact, the electro- 
conductive material in said electro-conductive 
paste (4). 

3. A method as claimed in Claim 1 or 2, wherein 25 
the step of compressing the porous raw ma- 
terial (2) through heating and pressurization, 

the compressibility therefor is in the range of 
10 to 60%. 

30 

4. A method as claimed in Claim 1 or 2, wherein, 
before the step for filling the electro-conductive 
paste (4) into the through-holes (3), another 
step of preliminarily compressing the porous 

raw material (2) provided with the free tac- 35 
kness films (1) and having compressive shrink- 
age is added. 

5. A method as claimed in Claim 1 or 2, wherein 

said porous raw material (2) provided with the 40 
free tackness films (1 ) and having compressive 
shrinkage is mainly composed of an organic 
material, with a porosity of said porous raw 
material (2) being in the range of 10 to 60%. 

45 

6. A method as claimed in Claim 1 or 2, wherein 
the porous raw material (2) provided with the 
free tackness films <1) and having the com- 
pressive shrinkage is of a composite material 

of a non-wofen fabric made of aromatic 50 
polyamide fibers and a thermo-setting resin. 

7. A-method as claimed in Claim 1 or 2, wherein 
the electro-conductive substrate within the 
electro-conductive paste (4) is a substance se- 55 
lected from the group consisting of sliver, gold, 
silver palladium, copper, and more than one 
kind of alloys thereof. 



8. A method as claimed in Claim 1 or 2, wherein 
the step of compressing the porous raw ma- 
terial 2 applied with the metal foils (5a, 5b) on 
its opposite surfaces through heating and pres- 
surization further includes a first step for in- 
creasing viscosity of the electro-conductive 
paste (4), and a second step of bonding said 
metal foils (5a, 5b) to said porous raw material 

(2) . 

9. A method as claimed in Claim 1 or 2, wherein 
a gel point of the electro-conductive paste (4) 
is lower than a softening temperature of a resin 
constituting the porous raw material (2). 

10. A method of manufacturing a multi-layered cir- 
cuit board which comprises the steps of: 

producing circuit boards each by forming 
circuit patterns on opposite surfaces of an or- 
ganic substrate used for printed circuits ob- 
tained by the steps of forming through-holes 

(3) in a porous raw material (2) provided with 
free tackness films (1) and having compressive 
shrinkage, filling electro-conductive paste (4) 
into said through-holes (3), separating the free 
tackness films (1) from said porous raw ma- 
terial (2) filled with the electro-conductive paste 

(4) in the through-holes (3) thereof, applying 
metal foils (5) onto the surfaces of said porous 
raw material (2) from which said cover films, 
porous raw material (2) applied with said metal 
foils (5) through heating and pressurization. 

producing an intermediate connecting 
member by forming through-holes in the po- 
rous raw material and filling electro-conductive 
paste into said through-holes, and 

holding said intermediate connecting 
member between at least one pair of said 
circuit boards for subsequent heating and 
pressurization thereof. 

11. A method of manufacturing a multi-layered cir- 
cuit board which comprises the steps of: 

producing circuit boards each by forming 
printed patterns on opposite surfaces of an 
organic substrate used for printed circuits ob- 
tained by the steps of forming through-holes 
(3) in a porous raw material (2) provided with 
free tackness films (1) and having compressive 
shrinkage, filling electro-conductive paste (4) 
into said through-holes (3), and also increasing 
composition ratio of the electro-conductive 
substances to a binder in said paste (4), sepa- 
rating the free tackness films (1) from said 
porous raw material (2) filled with the electro- 
conductive paste (4) in the through-holes (3) 
thereof, applying metal foils (5) onto the sur- 
faces of said porous raw material (2) from 
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which said free tackness film (1) have been 
separated, and compressing said porous raw 
material (2) applied with said metal foils (5) 
through heating sand pressurisation so as to 
make more compact, the electro-conductive 
material in said electro-conductive paste (4), 

producing an intermediate connecting 
member by forming through-holes in the po- 
rous raw material and filling electro-conductive 
paste into said through-holes, 

applying said intermediate connecting 
member on said circuit board, and heating and 
pressurizing after applying other metal foils 
thereon, and 

forming circuit patterns by processing said 
other metal foils. 

12. An organic substrate used for printed circuits, 
which comprises a porous raw material (2), 
electro-conductive paste (4) filled in through- 
holes (3) formed in said porous raw material 
(2), and metal foils applied onto opposite sur- 
faces of said porous raw material (2), said 
metal foils (5) stuck to the opposite surfaces of 
said porous raw material (2) being electrically 
connected to each other through the electro- 
conductive paste by compressing said porous 
raw material (2) applied with said metal foils (5) 
through heating and pressurization. 

13. An organic substrate used for printed circuits, 
which comprises a porous raw material (2), 
electro-conductive paste (4) filled in through- 
holes (3) formed in said porous raw material 
(2) and increased in a composition ratio of 
electro-conductive substances to a binder in 
said paste, and metal foils applied onto op- 
posite surfaces of said porous raw material (2), 
said metal foils (5) stuck to the opposite sur- 
faces of said porous raw material (2) being 
electrically connected to each other through 
the electro-conductive paste by compressing 
said porous raw material (2) applied with said 
metal foils (5) through heating and pressuriza- 
tion. 

14. An organic substrate as claimed in Claim 12 or 
13, wherein said porous raw material (2) is one 
compressed through heating and pressuriza- 
tion at compressibility in the range of 10 to 
60%. 

15. An organic substrate as claimed in Claim 12 or 
13, wherein said porous raw material (2) is one 
preliminarily compressed before filling the 
electro-conductive paste (4) into said through- 
holes (3). 



16. An organic substrate as claimed in Claim 12 or 
13, wherein said porous raw material (2) is 
mainly composed of an organic material, and 
has a porosity in the range of 10 to 60%. 

5 

17. An organic substrate as claimed in Claim 12 or 
13, wherein said porous raw material (2) is of a 
composite material of a non-wofen fabric made 
of aromatic polyamide fibers and a thermo- 

w setting resin. 

18. An organic substrate as claimed in Claim 12 or 
13, wherein the electro-conductive substance 
in the electro-conductive paste (4) is a sub- 

75 stance selected from the group consisting of 

silver, gold, silver palladium, copper and more 
than one kind of alloys thereof. 

19. An organic substrate as claimed in Claim 12 or 
20 13, wherein the porous raw material (2) is one 

heated and pressurized in a first step for in- 
creasing viscosity of the electro-conductive 
paste (4), and a second step for bonding the 
metal foils (5) to said porous raw material (2). 

25 

20. An organic substrate as claimed in Claim 12 or 
13, wherein the electro-conductive paste (4) 
has a gel point lower than a softening tempera- 
ture of the resin constituting said porous raw 

30 material (2). 

21. A multi-layered circuit board which comprises 
at least a pair of circuit substrates each includ- 
ing circuit patterns formed on opposite sur- 

35 faces of the organic substrate for the printed 

circuits as claimed in Claim 12 or 13, and an 
intermediate connecting member including 
electro-conductive paste filled in through-holes 
formed in a porous raw material, said inter- 

40 mediate connecting member being held be- 

tween said circuit substrates, whereby circuit 
patterns of said confronting circuit substrates 
being electrically connected to each other 
through the electro-conductive paste of said 

45 intermediate connecting member by heating 

and pressurization. 

22. A multi-layered circuit board which comprises 
circuit substrates each including circuit pat- 
so terns formed on opposite surfaces of the or- 
ganic substrate for the printed circuits as 
claimed in Claim 12 or 13, an intermediate 
connecting member including electro-conduc- 
tive paste filled in through-holes formed in a 

55 porous raw material, and stuck onto said circuit 

substrate, and metal foils applied on said inter- 
mediate connecting member, and formed with 
circuit patterns after compression through 
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heating and pressurization, said circuit patterns 
of said circuit substrates and said circuit pat- 
terns of said intermediate connecting member 
being electrically connected to each other 
through the electro-conductive paste of said 5 
intermediate connecting member. 
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Fig. 3 
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Fig. 8 
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